We construct two new SL(2,Z) invariant vacua of type IIB string theory which are bound states of (p, q) strings with (m, n) 5-branes, written as ((F, D1), (NS5, D5)) and preserve 1/4 of the full space-time supersymmetries. For the first case, the strings live inside the 5-brane world-volume and in the second case the strings are perpendicular to the 5-brane world-volume. In the first case, naively one would expect an attractive interaction between the strings and the 5-branes due to attractive force between F and D5 and also between D1 and NS5. We found that 1/4 BPS bound state exists only when the vacuum moduli satisfy certain condition which is found to be consistent with the no-force condition between the branes. No such complication arises for the second case. The tension formulae and the various other descendant states which can be obtained by the application of T-duality for both these bound states have been discussed.
Introduction
Type IIB superstring theory in the low energy limit is well-known to possess a so-called Cremmer-Julia or classical U-duality SL(2,R) symmetry. Only the discrete subgroup, SL(2,Z) of this, is believed to survive quantum mechanically. Therefore, one would expect various vacuum-like BPS states of SL(2,Z) multiplets to exist in this theory. The classical U-duality group SL(2,R) is useful for the purpose of constructing such SL(2,Z) multiplets. It was Schwarz who first explicitly constructed the SL(2,Z) multiplet of (p, q) strings in this theory [1] . Two of us then constructed the SL(2,Z) multiplet of (m, n) 5-branes [2] and subsequently constructed the more complicated non-threshold bound state ((F, D1), (NS5, D5)), where, (NS5, D5) denotes the (m, n) 5-branes [3] and (F, D1) stands for the (p, q) strings living along one of the (m, n) 5-brane spatial directions while delocalized along the other four.
However, all the SL(2,Z) multiplets mentioned so far are 1/2 BPS non-threshold bound states and their existence lends support to the conjectured quantum SL(2,Z) symmetry of type IIB superstring theory. For the 1/2 BPS non-threshold bound state ((F, D1), (NS5, D5)), it was shown that the quantized charges for its (p, q) strings and (m, n) 5-branes can not be completely arbitrary but must satisfy a relation given by, (p, q) = k(a, b), (m, n) = k ′ (−b, a) with (a, b) and (k, k ′ ) being two pairs of co-prime integers. In particular, from this state we can recover 1/2 BPS (F, D5) state by setting a = 1 and b = 0 and (D1, NS5) state by setting a = 0 and b = 1. We can also recover a delocalized (p, q) string by putting k ′ = 0 as well as (m, n) 5-branes by putting k = 0. However, because of the charge relation we just mentioned we can not recover either (D1, D5) or (F, NS5) bound state from the general state. This is entirely consistent with the fact that both these latter states are 1/4 BPS threshold bound states and therefore should not be obtained from 1/2 BPS non-threshold bound state ((F, D1), (NS5, D5)). Also it is known that both the SL(2,R) and the SL(2, Z) preserve the underlying supersymmetry of a given state on which they act.
It is then natural to expect a new 1/4 BPS ((F, D1), (NS5, D5)) bound state to exist given the existence of 1/4 BPS (D1, D5) and (F, NS5). However, we know that there is no-force between D1 and D5 in the threshold bound state (D1, D5) (or between F and NS5 in (F, NS5)) and so if 1/4 BPS ((F, D1), (NS5, D5)) bound state indeed exists, we expect that there should also be no-force between the non-threshold (F, D1) and the non-threshold (NS5, D5) and this bound state should also be threshold with respect to these two constituent non-threshold bound states. While it is true that there is no force between D1 and D5 and between F and NS5 in this bound state, we do have an attractive long-range force acting between F and D5 or between D1 and NS5 (for example, see [4] ). We, therefore, expect a net attractive force between (F, D1) and (NS5, D5). This then appears to imply the existence of only the 1/2 BPS non-threshold ((F, D1), (NS5, D5)) bound state and not the 1/4 BPS threshold one, when (F, D1) is placed along one of the five world-volume spatial directions of (NS5, D5).
It would be very surprising if this turns out to be true because it would imply a potential problem with the conjectured quantum SL(2, Z) symmetry of Type IIB string theory given the existence of (D1, D5) and (F, NS5) quantum mechanically 1 . In this paper, we will resolve this puzzle and find that there indeed exists a new type of ((F, D1), (NS5, D5)) bound state preserving 1/4 of the spacetime supersymmetry and both (D1, D5) and (F, NS5) states can be obtained from it as special cases. Unlike the 1/2 BPS ((F, D1), (NS5, D5)) and also as anticipated, we expect certain constraint on the vacua, which manifest themselves in terms of the VEVs of the dilaton φ and RR 0-form potential χ, i.e., φ 0 and χ 0 . It turns out that when φ 0 and χ 0 satisfy certain condition, the 1/4 BPS threshold ((F, D1), (NS5, D5)) bound state indeed exists. We also demonstrate that under precisely these conditions, there is no-force acting between (F, D1) and (NS5, D5) in this threshold bound state, lending support to the existence of this state.
The main purpose of the present paper is to address the aforementioned puzzle and to construct such a state in type IIB string theory. To construct this state we need to begin with a known threshold 1/4 BPS (D1, D5) state or (F, NS5) state and apply SL(2, R) transformation and the charge quantizations of the various constituent branes. We will also spell out some peculiarities in the construction not encountered before in similar constructions. Also for completeness we will also construct another 1/4 BPS bound state of the same form but here (F, D1) strings will not be along (NS5, D5) brane spatial directions, but will be perpendicular to them. In this case, we will start with the known 1/4 BPS (F, D5) bound state solution of type IIB string theory and apply an SL(2,R) rotation and charge quantization to it. The charge relation in this case will be very similar to that of the 1/2 BPS ((F, D1), (NS5, D5)) solution we constructed before [3] . This will also serve as a contrast between these two kinds of 1/4 BPS states.
This paper is organized as follows. In the next section we briefly discuss SL(2,R) symmetry of low energy type IIB string theory and fix our notations and conventions. In section 3, we construct SL(2,Z) multiplet of 1/4 BPS ((F, D1), (NS5, D5)) solution starting from (D1, D5) solution using SL(2, R) and then imposing charge quantizations of constituent branes. We also derive the condition for the existence of such a state. In section 4, we consider a probe (F, D1)-string placed in (NS5, D5) brane background and derive the no-force condition. It turns out that the no-force condition is precisely the one derived in section 3. In section 5, we construct the other 1/4 BPS ((F, D1), (NS5, D5)) solution starting from 1/4 BPS (F, D5) solution. Our conclusion is given in section 5.
2 Type IIB supergravity and SL(2,R) symmetry
In this section we briefly review the low energy effective Lagrangian of type IIB string theory (type IIB supergravity [5] ) and mention how it can be written in an SL(2, R) invariant form. This will also fix our notations and conventions. The bosonic part of the Lagrangian has the form (see for example, [6] ),
where * 1 stands for the 10 dimensional volume-form, R, the Ricci scalar, φ, the dilaton, F NS 3 , the NSNS 3-form field strength, χ, the RR 0-form potential, F RR 3 , the RR 3-form field strength and B 4 , the RR 4-form potential. In the above * denotes the spacetime Hodge-dual, and
In eq.(1), we have included H 5 in the Lagrangian for the purpose of equations of motion for the other fields and at the end its self-dual relation * H 5 = H 5 is imposed by hand.
From the above Lagrangian, we have the following equations of motion
In order to see the manifest SL(2,R) symmetry, we now try to re-express the Lagrangian (1) and the fields (2) in an SL(2,R) invariant or covariant form. Note that the Einstein frame metric and the RR 5-form are invariant under SL(2,R). The totally antisymmetric tensor ǫ ij , where i, j = 1, 2 and ǫ 12 = 1, is SL(2,R) invariant. As usual, we define
and F
. We also define a 3-form vector F 3 and a 2 × 2 scalar matrix M as
With the above, the Lagrangian can be re-expressed as
This is manifestly SL(2,R) invariant if we have
where
defines Λ as a 2 × 2 SL(2,R) matrix. In general, we can have
If we express the dilaton φ and the RR 0-form potential χ in terms of λ = χ + ie −φ , it will transform fractional linearly under SL(2,R) as
The H 5 in (2) can now be written as,
which is also SL(2,R) invariant as expected.
3 1/4 BPS ((F, D1), (NS5, D5)) from (D1, D5)
In this section we will construct an SL(2,Z) multiplet of states in the form of 1/4 BPS threshold bound states ((F, D1), (NS5, D5)) starting from the well-known 1/4 BPS threshold classical solution (D1, D5) of type IIB string theory by an SL(2,R) transformation and then imposing the charge quantizations of the different constituent branes. The field configuration for the (D1, D5) state (for example, see [7] ) is,
where the two harmonic functions H 1/5 = 1 + Q 1/5 /r 2 , ǫ 3 is the volume 3-form of a unit 3-sphere and parameters Q 1 , Q 5 are related to the D1 and D5 charges as
with Ω 3 = 2π 2 the volume of unit 3-sphere, 2 can now be obtained from the SL(2,R) invariant
where we have used (10) and * H 5 = H 5 . This one agrees with the two equations in the last line of (3). This equation can also be re-written as
from which we can define the electric-like (F, D1) string charge e
1 , e
1 ) as
while the magnetic-like (NS5, D5) brane charge g
5 ) is defined as
For the present case, the Chern-Simons terms in the electric charge never contribute and so we drop them from now on. Given the SL(2,R) transformations of M and F in (6), we have the electric-like charge e 1 and magnetic-like charge g 5 to transform as
The standard choice for Λ is
Since (D1, D5) is our initial classical configuration with classical D1 charge ∆ 
where e 10 and g 50 are the unit charges for strings and 5-branes, respectively. After the SL(2,R) transformation, we should have the transformed classical charges and after imposing their respective quantizations, we end up withē
T 5 = (m, n)g 50 with (p, q) and (m, n) each being a pair of integers. Using these quantization conditions we get,
Using (20) we get,
and from the last relation we have,
Eq.(22) can be satisfied with arbitrary φ 0 and χ 0 , only if qm = 0, pn = 0 and also (qn − pm) = 0. However, we note that these relations are inconsistent even for the (D1, D5) configuration 2 for which q and n are both non-zero. Thus we conclude that for SL(2,Z) multiplet of 1/4 BPS ((F, D1), (NS5, D5)) bound state to exist, φ 0 and/or χ 0 can not be arbitrary but must take specific values such that they satisfy the condition (22). We would like to emphasize that in this bound state (p, q) strings (F, D1) form a threshold bound state with (m, n) 5-branes (NS5, D5) which is implied from the original (D1, D5) metric since the total energy is simply the sum of those of the delocalized (F, D1) and (NS5, D5). Therefore, there is no interaction between (F, D1) and (NS5, D5) just as there is no interaction between the original D1 and D5. This is far from obvious since in general we do expect interaction between (F, D1) and (NS5, D5) since we have attractive interaction between F and D5 and also between D1 and NS5 [4] . We will demonstrate explicitly in the following section by computing the force experienced by the (p, q) string in the (m, n) 5-brane background that indeed the no-force condition is precisely the same as the condition (22). One important point to note about (22) is that, the quantized charges of various objects in this bound state appear to get fixed by the moduli φ 0 and χ 0 . But that is not desirable and not right since the values of the moduli are given and the quantization condition is imposed later and therefore charges should be able to take any quantized value independent of φ 0 and χ 0 . In order to achieve this we re-write (p, q) = k(a, b) and
are two pairs of co-prime integers and k, k ′ are integers but not necessarily co-prime. This is because (F, D1) and (NS5, D5) form only threshold bound state just like original (D1, D5). For the non-degenerate configuration kk ′ = 0 and so, substituting these values of (p, q) and (m, n) in (22), we find that φ 0 and χ 0 are not linked with (p, q) and (m, n), but rather with (a, b) and (a ′ , b ′ ). Actually the charges (p, q) and (m, n) can take almost any arbitrary integer values except for the degenerate kk ′ = 0 cases. For the concerned state to remain 1/4 BPS, we must have kk ′ = 0. The degenerate k = 0, k ′ = 0 or k = 0, k ′ = 0 case implies that the underlying state is either delocalized 1/2 BPS (p, q)-strings or 1/2 BPS (m, n) 5-branes. However, for either of these two cases, both (20) and (21) are not well-defined and for this reason we don't expect (22) to hold good. This is entirely consistent since (22) is the constraint for 1/4 BPS state, not for 1/2 BPS state. The condition kk ′ = 0 implies that none of the two integers in either (p, q) or (m, n) pair can vanish. We remark here that (22) rules out the existence of (F, D5) or (D1, NS5). For the former, we have p, n = 0, q = m = 0 and (22) gives pn = 0, contradicting our assumption, while for the latter, we have q, m = 0, p = n = 0 and (22) gives e −2φ 0 = −χ 2 0 , impossible to hold. This is also consistent since either of these two is a 1/2 BPS state. To make our following discussion definite, we are assuming kk ′ = 0 from now on. Then (22) becomes, in terms of (a, b) and (a ′ , b ′ ), as
We also have now
We would like to address first a few subtleties regarding the generation of (D1, D5) (or (F, NS5)) solution with non-zero moduli (χ 0 , φ 0 = 0) from the same solution with zero moduli (χ 0 = φ 0 = 0) before we proceed to discuss the general 1/4 BPS state including certain special cases using (23). We note that the SL(2,R) matrix given in (18) can be decomposed as,
where Λ R is the SO (2) , where M 0 is the matrix given in (4) with the asymptotic values of the moduli and I is the 2 × 2 identity matrix which is nothing but M 0 with the moduli put to zero. Since there are no F-strings and/or NS5-branes generated under the special SL(2,R) transformation of Λ = Λ 0 , we should not blindly enforce the charge quantization for either of these two kinds of branes. In other words, we don't have (20) and (21) for this case and so (22) also does not hold. So φ 0 and χ 0 can be arbitrary for (D1, D5), not constrained by (22). This same discussion holds true if we replace (D1, D5) by (F, NS5) in the above. In general, (D1, D5) (or (F, NS5)) are physically different with different φ 0 , χ 0 except for the special case φ 0 = 0, χ 0 = interger. This latter special case is physically equivalent to (D1, D5) (or (F, NS5)) with φ 0 = χ 0 = 0 since these two are related by an SL(2,Z) transformation Λ 0 with φ 0 = 0, χ 0 = integer.
We now come to give a general discussion on the non-degenerate 1/4 BPS threshold ((F, D1), (NS5, D5)) state including certain special cases using (23) as well as (24). Since the pair (a, b) (or (a ′ , b ′ )) are co-prime, so at most one of two co-prime integers can vanish. We will discuss case by case in the following. 
For this subcase, there is an interesting and very special case with φ 0 = χ 0 = 0 for which we have b ′ a/a ′ b = 1 from (27). Since both (a ′ , b ′ ) and (a, b) are co-prime, this must imply (a ′ , b ′ ) = (a, b). In all the above discussion, there are two additional constraints implied by (24) for χ 0 , (a, b) and (a ′ , b ′ ). They are
For the purpose of comparison, we remark here that the 1/2 BPS ((F, D1), (NS5, D5)) puts less constraint on the moduli φ 0 , χ 0 but more on the charges (p, q) = k(a, b), (m, n) = k ′ (−b, a) with both (k, k ′ ) and (a, b) co-prime. But for the 1/4 BPS ((F, D1), (NS5, D5)), on the contrary, we have more constraint on the moduli satisfying (27) but less on the charges (p, q) = k(a, b), (m, n) = k ′ (a ′ , b ′ ) with kk ′ = 0 and (a, b) and (a ′ , b ′ ) being two pairs of co-prime integers.
We give below the most general 1/4 BPS SL(2,Z) invariant ((F, D1), (NS5, D5)) bound state,
Here 
We note that since the Einstein frame metric is invariant under SL(2,R) transformation, the SL(2,R) transformed metric in (29) has the same form as the original (D1, D5) metric given in (11) except that the quantity Q 1/5 related to the charge has been changed due to proper charge quantization. The original solution has χ = 0, but after SL(2,R) transformation a χ has been generated. The dilaton has also been transformed. We can easily check that asymptotically as r → ∞, H 1/5 → 1 and therefore φ → φ 0 and χ → χ 0 as expected. We also note that there is no NSNS 3-form in the initial (D1, D5) solution, but it has been generated by SL(2,R) transformation. However, no 5-form field has been generated as opposed to the 1/2 BPS ((F, D1), (NS5, D5)) state [3] . Following the steps given in [8] and [9] , the string-frame tension of the bound state ((F, D1), (NS5, D5)) can be computed from the ADM mass per unit 5-brane volume as
] is the p-brane tension unit and g = e φ 0 is the string coupling.
Here we have also set (p,
with (a, b) and (a ′ , b ′ ) both coprime. This tension is the sum of contributions from (p, q) strings and (m, n) 5-branes, respectively, and this is actually determined by the form of the metric given in (29), which is the same in form as that of (D1, D5), mentioned earlier. This tension gives all expected properties, for example, the dependence of string coupling for each kind of constituent branes. We will not discuss them explicitly here.
One can also get various 1/4 BPS descendant states from this one using T-dualities along the 5-brane worldvolume isometric directions or directions transverse to the 5-branes following the standard rule as given in the following In the above table, KK and W stand for KK-monopole and waves, respectively. So, for example, if we take a T-duality transformation along the string direction, we will end up with a 1/4 BPS ((W, D0), (NS5, D4)) and if we take T-duality along the 5-brane but not the string direction, we end up with a 1/4 BPS ((F, D2), (NS5, D4)) and so on. We can also take T-duality along one of transverse directions to the 5-branes for which we first need have one isometry along this T-dual direction. We then end up with 1/4 BPS ((F, D2), (KK, D6)).
No-force condition
As discussed in the Introduction, we, in general, expect an attractive interaction between the non-threshold (p, q) strings and the non-threshold (m, n) 5-branes due to the attractive force between F and D5 as well as between D1 and NS5. If this interaction cannot be turned off, the 1/4 BPS threshold ((F, D1), (NS5, D5)) state cannot exist. However, in the previous section, using the classical SL(2,R) transformation on a 1/4 BPS (D1, D5) state and then imposing the charge quantization for each kind of constituent branes, we seem to have obtained such 1/4 BPS threshold state when the moduli φ 0 and χ 0 satisfy the condition (22) or (23) or (27). This, therefore, suggests that the condition on the moduli just mentioned, actually plays a key role to change the nature of force, contrary to our naive understanding, such that the net force acting between (F, D1) and (NS5, D5) vanishes. Otherwise, what we have found in the previous section is simply wrong. Therefore, to cross-check our finding on the 1/4 BPS threshold ((F, D1), (NS5, D5)) state, we need to explicitly compute the net force to see whether it can vanish and under what condition. We find, as a pleasant surprise, that the condition for which the net force vanishes is precisely the one given in the previous section for the moduli φ 0 and χ 0 . For this purpose, let us place a (p, q) string in an (m, n) 5-brane background and see, under what condition the force between the two vanishes. The (m, n) 5-brane background [2] is
where the metric is in the Einstein frame and in the above
with ∆ 5 defined earlier for (m, n) 5-brane in (21) and
). There are various forms of (p, q) string action [10, 11, 12] and for convenience we here use the bosonic part of (p, q) string action given in [12] . Since (p, q) string will not couple to (m, n) 5-brane magnetic 3-form field strength, we only need to consider the part of the couplings of (p, q) string with the background metric, dilaton and the 0-form χ of the (m, n) 5-brane. It is given as
Here M is the scalar matrix defined in (4), and h = det h αβ , with h αβ , the induced world-sheet metric from spacetime Einstein metric g M N given in (33) as
where the worldsheet indices α, β = 0, 1. So from the second line of the action (35), it is clear that the action is manifestly SL(2,Z) invariant. The equation of motion for X M can be derived from the action (35) and after a lengthy calculation we obtain it as
In the above,
is the usual Christoffel symbol. We now look for the conditions for which the force V M between (p, q) string and (m, n) 5-brane vanishes when (p, q) string is placed along one of the five spatial directions (x 1 , x 2 , · · · , x 5 , say x 1 ) of the 5-brane. In other words, we are looking for the "no-force" condition. We also take the so-called static gauge for the string, namely, τ = X 0 , σ = X 1 with string worldsheet coordinates σ α = (τ, σ). If string is parallel to 5-brane and is static, vanishing force, i.e., V M = 0, would then imply from (38) that it will remain static. So, for now, all the X M 's except X 0 = τ, X 1 = σ will be independent of τ, σ. We then have
(m,n) as given by the metric (33) and η αβ = (−1, 1) the worldsheet flat metric. The relevant Γ 
Note that both χ and φ are only functions of r and so automatically V M = 0 for all M except for M = r. Now we need to check under what condition V r = 0. The first term on the right hand side of (39) can be expressed as
where in the last equality the metric component g 11 given in (33) has been used. From χ and φ given in (33), we also have
We then have from (39),
where V r ≡ g rr V r and we have used∆ 1 given in (36). At first look, the simplification of the right hand side of (45) might appear difficult. But a careful examination reveals that a great simplification can be achieved if we first combine the first term on the right hand side of (45) with the term involving ∂ r φ and then we add the term involving ∂ r χ. Let us see this in a bit detail. The first combination just described gives
where ∂ r φ given in (44) has been used. The term involving ∂ r χ on the right hand side of (45) can be expressed as
Combining (46) with (47), we end up with
wherē
is a perfect square. So V r = 0 amounts to settingV r = 0, which implies
The above two equations can be further simplified to give
These two equations amount to requiring
which is nothing but the condition (22) derived in the previous section for the existence of 1/4 BPS ((F, D1), (NS5, D5)) state. We can also set (p,
being two pairs of co-prime integers. Here again the generic consideration of the force between (F, D1) and (NS5, D5) requires kk ′ = 0. Then the discussion of the "no-force" condition will go exactly the same way as that for the existence of 1/4 BPS state given in the previous section and so we will not repeat it here.
So we conclude that when a (p, q) string is placed in an (m, n) 5-brane background with a given vacuum, i.e., with given φ 0 and χ 0 , along one of the 5-brane world-volume spatial directions, one in general expects a net attractive force between them since we know that in general the forces between the constituent branes are either attractive or zero (the force between F and D5 as well as between D1 and NSNS5 is attractive while the others are zero) and therefore the end result is a non-threshold 1/2 BPS ((F, D1), (NS5, D5)) state as discussed in [3] . However, when the no-force condition (52) holds, then the end result is a 1/4 BPS threshold bound state ((F, D1), (NS5, D5)) as discussed in this paper.
5 Another 1/4 BPS ((F, D1), (NS5, D5)) from 1/4
BPS (F, D5)
In this section, we will give the construction of another 1/4 BPS ((F, D1), (NS5, D5)) state starting from a known 1/4 BPS (F, D5) state of type IIB string theory for completeness. Unlike in the previous case here (p, q) string is perpendicular to the (m, n) 5-brane. However, the construction and the charge relation in this case are very similar to those of 1/2 BPS ((F, D1), (NS5, D5)) state we constructed earlier in [3] and so we will be brief here. The 1/4 BPS (F, Dp) threshold bound states were constructed in [13] , so, we write down the (F, D5) solution from that reference, putting p = 5 in their eq.(2.6), in the following,
Note that in the above we have written the metric in the Einstein frame. From the form of the metric it is clear that the F-string is along x 6 directions and delocalized in are the NSNS and RR 3-forms respectively. Again in the above solution we have set the asymptotic values φ 0 = 0 and χ 0 = 0. The harmonic functions now have the forms H 1/5 = 1 + Q 1/5 /r, where Q 1/5 are related to F-string and D5-brane charges as,
Here Ω 2 = 4π is the area of the unit two sphere and 
where as usual e 10 and g 50 are the unit charges of the strings and the 5-branes. the SL(2,R) transformed charges after imposing the quantization would be given as,ē 
and using these relations we determinē 
The last relation can be satisfied if pm = −qn. This in turn implies that the integers must have the forms (p, q) = k(a, b) and (m, n) = k ′ (−b, a), where (a, b) and (k, k ′ ) are two pairs of co-prime integers. Note that here the moduli φ 0 and χ 0 can be arbitrary unlike in the previous case. So this state is very similar to the 1/2 BPS ((F, D1), (NS5, D5)) one. The discussion of how to recover all the special case states from the general 1/4 BPS ((F, D1), (NS5, D5)) state in this case is also very similar to that given in [3] and therefore will not be repeated here. The complete SL(2,Z) invariant 1/4 BPS ((F, D1), (NS5, D5)) threshold bound state solution where strings are perpendicular to the 5-branes is given below, ds 2 = −H this apparent contradiction by explicitly constructing this new vacua, i.e., 1/4 BPS ((F, D1), (NS5, D5)) state of type IIB string theory from 1/4 BPS (D1, D5) state and applying SL(2,R) symmetry as well as the charge quantization condition to it. We found that the consistency condition for the existence of this bound state manifests itself in the form of certain constraint given by (22) (or (23) or (27)) on the vaccum moduli of the solution. We have discussed and pointed out many subtleties on how to recover the special case bound states from this general bound state solution not faced before in similar constructions. We then computed the force experienced by a probe (F, D1) or (p, q) string placed in the background of (NS5, D5) or (m, n) 5-branes. We found that when the string is parallel to one of the spatial world-volume directions of the 5-brane, the force can vanish under certain condition. As a pleasant surprise, we found that the no-force condition precisely matches with the condition on the moduli (22) we obtained before while constructing the SL(2,Z) invariant 1/4 BPS ((F, D1), (NS5, D5)) state. Further we have given the tension formula for this general bound state from the ADM mass and also discussed how to obtain various other descendant 1/4 BPS bound states from this by the application of T-dualities in various isometric directions. For completeness, we have also constructed another SL(2,Z) invariant new vacua of type IIB string theory in the form of a 1/4 BPS ((F, D1), (NS5, D5)) bound state where, strings are perpendicular to 5-branes. In this case we started from the known 1/4 BPS (F, D5) bound state solution of type IIB theory and applied SL(2,R) transformation as well as the charge quantization condition to it. We pointed out that the construction of this state is very similar to that of the 1/2 BPS ((F, D1), (NS5, D5)) state, constructed before by two of us in [3] . In this case there is no extra condition on the vacuum moduli unlike in the previous case and they can be completely arbitrary. Here also we have given the tension formula and discussed how the other descendant 1/4 BPS bound states can be obtained by T-duality.
